Introduction
The immunocytochemical method developed by Dc Mey (1983) uses a first antibody that recognizes the protein against which it is directed, and then a second antibody with gold particles attached which links to the first one and reveals its localization. This immunogold staining method (IGS) provides a wide range of applications (Bendayan et al., 1987; Bendayan, 1984; Roth, 1983 Roth, , 1986 Dc Mey 1983) . It has been very successful in light microscopic investigations, mostly with whole cells after penmeabilization. Howeven, application of the IGS technique on thin sections such that the antigenic localization could be defined by electron microscopy proved to be more difficult (Roth, 1986) . The classical methods of cytological preparation, involving fixation, dehydration, and embedding, were developed primarily using ultrastructural criteria rather than the antigenic reactivity (Van Leeuwen, 1986) . Several attempts to improve retention ofthe antigenicity have been made, including cryoultramicnotomy offresh on only slightly fixed tissues (Tokuyasu, 1985; Slot and Geuze, 1983) , the use ofacrylic embedding resins in place ofepoxy resins (Newman, 1987; Newman and Hobot, 1987; Acetanin et al., i986; Newman and Jasani, 1984a, 1984b; Newman et al., 1982 Newman et al., , 1983a Newman et al., , 1983b Carlemalm et al., 1982) , tion and revealed cytoplasmic "patches" with a complex ultrastructure in Epon sections. The preservation was always less good in LR White.
The patches were densely labeled, even in Epon sections, after FS in acetone. However, labeling intensity was 3.7 times greater in LR White than in Epon.
With both resins, labeling diminished similarly when fixative agents were present in the FS medium.
The localization ofluciferase in the cytoplasm and particularly in the patches is discussed.
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and fast-freeze fixation (FFF) to replace the classical liquid chemical fixation (Nicolas et al., 1987; McCurdy and Pratt, 1986; Dudek and Boyne, i986; Dudek et al., 1984; Hisano et al., 1984 Hisano et al., , 1985 .
In this last procedure, the preparation is immobilized in a solid state and the ice can then be either evaporated (freeze-drying) on freeze-substituted with an organic solvent (Robants and Sleytn, 1985; Harvey, 1981) . The specimen is then embedded and sectioned. 1986; Linner et al., 1986; Hisano et al., 1985; Dudek et al., 1982 Dudek et al., , 1984 et al., 1987; Nicolas et al., 1987; Bjornsti et al., 1986; Ichikawa and Ichikawa, 1986; Hisano et al., 1984) . However, in our experience FFF-FS can preserve both antigenicity and ultrastructunal morphology much better than any chemical fixation, thus allowing extremely sharp and significant labeling. It appears also that the action of fixative agents, such as glutaraldehyde and osmium tetroxide, is much weaken in attenuating the antigenicity when dissolved in the substitution medium than when used directly in classical liquid chemical fixation (Nicolas et al., 1987) .
The remarkable improvement in morphological preservation of bacterial cells after FFF-FS has been recently described in detail by Hobot et al. (1984 Hobot et al. ( , 1985 , Amako et al. (1985 Amako et al. ( , 1986 , Tonosaki et NICOLAS, BASSOT, NICOLAS al. (1986), and Ryten (1988 x 5 mm at room temperature.
The grids were then dried on a filter paper. Epon sections were contrasted 5 mm with uranyl acetate in acetone 50%, and 3 mm with lead citrate. LR White sections were treated 20 mm with uranyl acetate in water and 3 mm with lead citrate.
Some grids with Epon sections
were etched before labeling with a saturated aqueous solution of sodium metaperiodate for 10 mm at room tempenature.
Observations
were made with a Philips EM 300 electron microscope.
Results
Fast-freeze fixation was successful in nearly all the attempts made. 1984, 1985) . The regularity ofthe cell shape, the sharp definition, and the evenly spaced layers ofthe cell envelope were striking. They 
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: As shown in Table 3 , the proportion of the decrease owing to the addition of fixative agents in the FS medium was similar to Epon and LR White, and the same in acetone on ethanol substitutions:
50-65%
for osmium ( Figure  12) , 65-75% for glutaraldehydeparaformaldehyde-osmium ( Figures  8 and 14) . However, the case ofglutaraldehyde was different, since it resulted in strong labeling in LR White ( Figure  15) 
Discussion
The comparative results obtained in the present study are interesting in two respects.
First, they exhibit a surprising diversity, from 
FFF and Morphological Preservation
The important qualities of FFF are its rapidity of action (Escaig, 1982; Van Harreveld et al., 1974) and the fidelity ofthe ultrastrucrural preservation that it provides oven a range usually limited to 10-20 tm. Being achieved in a matter of milliseconds, FFF is able to capture fast transient events as well as to immobilize ultrastructural details and relationships much better than any liquid chemi- Figure 16 . Note that the scale for the number of gold particles per pm2 is different. , 1987; Nicolas et al., 1987; Fernandez and Staehelin, 1986; Robinson et al., 1986; Gilkey and Staehelin, 1986; Heusen et al., 1979) , and in particular with the observations ofHobot et al. (1984 ( , 1985 ( , 1987 ( ), Kellenberger et al. (1986a ( , 1986b , and Ryter (1988) on bacteria. As expected, FFF followed by FS with acetone and 0504 provided the best images. However, FS with acetone alone gave closely similar results, except for a lower contrast of the patches.
NICOLAS, BASSOT, NICOLAS
This good quality of FS in acetone alone had been already noted (Nicolas et al., 1987) and should be emphasized, since it allows cytochemical detection in the absence of a chemical fixative. However, it was not found by Ikeda et al. (1984) . Nevertheless, we agree with their conclusion that FS in ethanol is less good than in acetone. 
Antigenicity Preservation
As shown in et al., 1986; Carlemalm et al., 1985; Robants and Sleytn, 1985; Weibull et al., 1983) .
Luci.ferase Localization
Luciferase acts as a mixed-function oxidase, in which an oxygen atom accepts electrons shunted from NADH via reduced flavin (Shimomura et al., 1974; Hastings et al., 1965 
